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We present the first reported case of a carotid artery stent fracture where a Nitinol stent was used for the management of
carotid artery stenosis. An 83-year-old man underwent right carotid artery stenting in July 2005. On follow-up
ultrasound, stenosis of the right internal carotid artery was noted. In January 2006, he underwent left carotid artery
stenting and at this procedure, precontrast assessment of the right neck revealed a complete fracture through the waist of
the stent in the right internal carotid artery. This fractured segment correlated with the area of stenosis reported at the
previous ultrasound. In July 2006, this gentleman underwent successful removal of the carotid stent with uneventful
carotid endarterectomy and synthetic patch repair. Carotid artery stenting is a newer and alternative modality to carotid
endarterectomy for the treatment of carotid artery stenting. More data are emerging to support its safety and efficacy. An
unexpected complication can happen with any procedure and complications help define the follow-up management of
subsequent patients undergoing this procedure. (J Vasc Surg 2007;45:603-6.)Carotid stenting is a modality that is gradually replacing
carotid endarterectomy as an interventional approach to ca-
rotid artery stenosis, especially in certain high-risk patients.
Thus far, no significant difference has been shown in stroke
rates between the two modalities, although stenting may
reduce nonstroke morbidity rates associated with some
high-risk cases.1 We present a case of stent fracture in a
self-expanding stent in a patient who underwent carotid
artery stenting for stenosis. A comprehensive search of the
literature did not yield any other reports of carotid stent
fracture in this setting.
CASE REPORT
An 83-year-old man was admitted in July 2005 for idiopathic
pulmonary fibrosis. During his stay in the hospital, he experienced
a stroke manifested clinically by left hand paresthesia, with no
definite radiologic evidence on computed tomographic scan of his
head, and a carotid angiogram revealed bilateral carotid artery
stenosis (right, 80%; left, 50%; Fig 1).
A decision for carotid stenting was made, and this was per-
formed on July 20, 2005 (Fig 2). A 8-10 mm (diameter)  40 mm
(length) tapered Xact Carotid Stent (Abbott Laboratories, Abbott
Park, Ill) stent was placed across the stenosis and dilated to 5 mm.
This was deemed the optimal length to cover the stenotic segment.
The Xact stent is a self-expanding nitinol stent and has a
closed-cell design that creates a tightly knit yet highly flexible mesh
intended to restore the internal diameter of the carotid artery.
Closed cell stents have overlapping or fully connecting struts, as
compared with open cell stents, which have both connecting and
nonconnecting struts. Closed cell stents have higher surface cov-
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studies demonstrating a difference in fracture rates between the
two designs.
Nitinol (an acronym for nickel titanium naval ordnance labo-
ratory) is an alloy made of nickel (55% weight) and titanium (45%).
Two of its properties in particular have resulted in its increasing use
in medical products: superelasticity and shape memory. Superelas-
ticity occurs at higher temperatures and causes nitinol to return to
its original shape once a mechanical stress applied to it has been
removed. Shape memory, which generally occurs at body temper-
ature, causes nitinol to retain its shape after an external stress has
been removed. This latter characteristic makes its use in stent
deployment attractive. Ponec et al2 have compared the nitinol
SMART stent (Cordis, Miami Lakes, Fla) with the stainless-steel
Wallstent (Boston Scientific, Natick, Mass) and have shown equiv-
alent performance in treating iliac artery stenosis but have sug-
gested that greater procedural success and more accurate stent
deployment may be achieved with the former. However, they did
not mention or compare the fracture rates between the two.
McKelvey and Ritchie3 compared nitinol with other biomedical
implant alloys (type 316 stainless steel, pure titanium, Ti-6Al-4V,
and a CoCr alloy) and showed the fatigue-crack growth resistance
to be lowest with nitinol.
There was not much resistance in dilating the stenotic seg-
ment, which was concentric in appearance. This suggestedminimal
calcification of the plaque. Poststent angiography showed an intact
stent with a good lumen with no filling defects. There were no
problems with regard to the mechanical deployment of the stent,
and the only significant incident that occurred during the proce-
dure was bradycardia on inflation of the balloon. This was cor-
rected with atropine 0.6 mg.
A follow-up ultrasonographic scan on October 21, 2005, was
reported as showing 60% stenosis of the right internal carotid
artery (ICA), and a duplex ultrasound scan in November 2005
confirmed a 50% narrowing by direct measurement and velocity
measurement through the mid segment of this stent. At that same
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left ICA and external carotid artery.
The patient remained asymptomatic; however, because the left
ICA lesion had progressed to greater than 80%, a left carotid stent
was inserted in January 2006. At this examination, precontrast
assessment of the right neck revealed a complete fracture through
the waist of the stent in the right ICA (Fig 3).
Selective right carotid angiography confirmed the ultrasound
Fig 1. Angiogram dated July 14, 2005, showing 80% stenosis of
the right internal carotid artery.
Fig 2. Angiogram on July 20, 2005, showing deployment of the
right internal carotid artery stent.report of a stenosis of the right ICA, North American SymptomaticCarotid Endarterectomy Trial criteria having been used for this
angiographic assessment. This area of stenosis correlated with the
fractured segment (Fig 4). Review of the original angiographic
images did not reveal the fracture segment to coincide with any
particular aspect of the atherosclerotic plaque, such as an ulcer or
Fig 3. Plain radiograph of the neck dated January 18, 2006,
showing a fracture of a right tapered Xact carotid stent.
Fig 4. Angiogram dated January 18, 2006, displaying right ca-
rotid artery stenosis.dissection.
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revealed quite marked waisting, with a 70% luminal stenosis by
measurements of the diameter. This correlated with the 70%
stenosis measured by velocity criteria, with the peak flow velocity at
the site measuring 2.3 m/s. (Modified criteria4 were not used for
the measurement of this stenosis associated with the stent.) The
angiogram in Fig 6, dated July 5, 2006, displays the stenosis
associated with the stent fracture well, and on July 15, 2006, the
patient underwent successful removal of the carotid stent, with
uneventful carotid endarterectomy and synthetic patch repair.
DISCUSSION
Arterial stent fractures have previously been described
in the pulmonary artery,5 the renal artery,6 and the femo-
ropopliteal artery.7 In fact, stent fracture rates in this last
segment have been documented to be as high as 37.2% of
treated legs.7 The only reported case of a carotid stent
fracture thus far occurred in a patient who underwent
endoluminal repair of a traumatic carotid artery pseudoan-
Fig 5. Selected duplex ultrasound images datedMarch 17, 2006,
showing significant waisting and stenosis of the right internal
carotid stent.eurysm.8 Computational fluid dynamics models have sug-gested that an implanted stent causes local alterations in
wall shear stress that are associated with neointimal hyper-
plasia. Postimplantation foreshortening is a characteristic of
stents, and it has been suggested that this trait may contrib-
ute to the increasing rate of neointimal hyperplasia.9 Fore-
shortening of the stent may result in alteration of wall shear
stresses, and this may result in the likelihood of a stent
fracture.
Most studies of stent fractures have been conducted on
the femoropopliteal artery. Forces on this segment are a
result of the flexion points as well as interaction with
surrounding musculature.7 Scheinert et al7 showed in a
study of 261 implanted femoropopliteal stents that the
fracture rate was related to the length and number of
implanted stents (it was significantly lower for stent seg-
ments of 8 cm [13.2%] as compared with stent segments
8 to 16 cm [42.4%] and stented segments 16 cm
[52%]).
Because of the different nature of the joints in the neck,
it is possible that significant rotational stress is put on a
carotid stent as a result of movement around the atlanto-
axial pivot joint as well of flexion/extension stresses by
movements of the cervical vertebral joints. It can also
further be deduced that because the range of neck move-
ment is greater than the femoropopliteal segment, the
forces on a given stent segment would be greater.
Another important risk factor, previously not given
Fig 6. Postoperative angiogram dated July 5, 2006, confirming
right internal carotid artery stent fracture with significant associ-
ated stenosis.much consideration, for stent fracture is the internal stress
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near pulsatile structures such as the heart and great vessels,
and the carotid artery would certainly fit into this category.
Limitations in both the flexibility and torsion of the stent
will influence the long-term performance of carotid artery
stenting.10 At present there is no evidence to indicate
whether a tapered stent, as used in this case, is more prone
to fracture.
There are several implications of a carotid artery stent
fracture, including thrombosis (with subsequent embolic
stroke) and migration of fractured segments (particularly if
the fractured segment is small). A stent fracture signifi-
cantly increases the likelihood of in-stent stenosis,7 as in
this case. Most studies of in-stent stenosis have been re-
ported on the femoropopliteal segment, but in-stent steno-
sis has been described in other vessels, including the renal
arteries and the pulmonary venous system.11 Principles of
management of stent fractures are the same as those used
for the management of in-stent stenosis. The least invasive
option here would be the introduction of a second stent,
perhaps a covered stent placed in a coaxial manner. An
alternative would be extraction of the stent with recon-
struction by a bypass procedure or, as in this case, endar-
terectomy and patch repair.
Given the relatively recent introduction of the modality
of carotid stenting, the management of its complications is
a work in progress, and any comment on its prevention
would be in part conjectural. Factors such as choosing the
shortest length necessary to cover the stenotic segment may
be important.
CONCLUSION
There is a significant chance that as carotid artery
stenting becomes more common, there will be more re-
ports of carotid artery stent fractures. The frequency of this
complication remains to be seen. Radiographs of carotid
stents that display stenosis may need to become routinepractice. Alternatively, high-resolution B-mode ultra-
sonography can be used for carotid stent fracture surveil-
lance, but it is important that the sonographer be aware that
the clinician wishes to exclude a stent fracture.10
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